Solution equilibria studies for the formation of mixed ligand complexes in the ternary systems Ni(II)/Zn(II)/Cd(II)-l,10-phenanthrolineglycine/a-alanine/norleucine/histidine and Ni(II)/Zn(II)/Cd(II)-2,2'-bipyridyl-histidine have been reported by us in earlier communica tions1-2 and their formation constants have been determined potentiometrically. Such studies have now been extended to other ternary systems in volving these metal ions, 1,10-phenanthroline (Phen) or 2,2'-bipyridyl(Bipy) as prim ary ligands and phenylalanine (Phe) as secondary ligand, since phenylalanine is an im portant essential amino acid and an interesting anomaly of metabolism is connected with it in feeble-minded childrens called phenylketonuria (PKU). In this disorder phenyl alanine accumulates in the blood and is excreted in urine along with its derivatives phenylacetic acid, phenylpyruvic acid and phenyllactic acid. L atter two, which inhibit the enzymatic synthesis of serotonin content of the brain are actually respon sible for the mental aberrations of P K U 3-4. The concept is also supported by the fact th a t if phenyl alanine intake is restricted in infant with PKU, the mental symptoms do not develop. Conversion of phenylalanine into phenylpyruvic acid and phenyl lactic acid may be inhibited by converting phenyl- alanine into harmless, soluble and stable complexes. From the view point of the role of metal complexes in biological systems, the information about the concentration of different species of a metal complex in equilibrium mixtures is of considerable im portance and can be predicted on the basis of their formation constants. So the present studies were aimed a t determining the formation constants of the mixed ligand complexes involving phenyl alanine.
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Experimental
Stock solutions of metal nitrates (AnalaR BDH) were prepared and standardized as described previously1-2. Aqueous solutions of 1,10-phen anthroline hydrochloride, 2,2'-bipyridyl hydro chloride and phenylalanine were prepared by direct weighing and their strengths were checked by pHmetric titrations against a standard solution of potassium hydroxide. The pH-titrations were carried out a t 30 ± 1 °C with a Systronics pH-meter standardized against a 0.05 M solution of potassium hydrogen phthalate (AnalaR BDH). The ionic strength of the reaction mixtures was kept approxi mately constant (/ w = 0 .1 K N 0 3 ) using requisite amount of potassium nitrate and low concentrations (5 X 10~3 M) of ligands and metal ion in case of the systems involving Ni(II) and Zn(II) and (2.5 X 10-3 M) in the systems involving Cd(II) on account of the low solubility of its complexes.
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Results and Discussion
Curves 1-3 (Figs. 1-3 ) represent the pH-metric titrations of phenylalanine, 1,10-phenanthroline and 2,2'-bipyridyl, respectively. The dissociation con stant of Phe, (pk = 9.05) was calculated using the method of C h a b e r e k and M a r t e l l 5 and those of P h en 6 and B ipy7 have been taken from the litera ture. Reaction mixtures containing equimolar pro portions of Ni (II) (curves 7 and 8, Fig. 3 ) are titrated, a sharp in flexion at m = 1, followed by a buffer region is obtained. For the N i(II)-Phen/B ipy-Phe system another inflexion at m = 2 is also observed. Compar ison of these curves with the corresponding com posite curves 9 and 10 (Figs 1-3 ) (drawn by adding the horizontal distance of Phe curve to the horizon tal distance of the M (II)-Phen/Bipy curve a t the same pH) inferred th a t first the 1:1 M (II)-Phen/ Bipy complex is formed and then addition of secondary ligand starts at m = 1 forming the 1:1:1 mixed ligand chelate, MAL, in the ternary systems studied. Further, poor inflexion at m = 2 in the case of N i(II)-Phen/B ipy-Phe systems and no inflexion at this stage in other systems probably indicate th at the formation of 1:1:1 mixed ligand chelate and its conversion into hydroxo derivative overlap. The formation of the above species is supported by the analysis of the potentiometric data given below.
The formation of 1:1:1 mixed ligand chelate, in the above systems, may be represented a s :
where M2+ stands for metal ion, A for Phen or Bipy and L~ for the secondary ligand anion. The forma tion constant, K mal of the ternary chelate m ay be given by the relation:
and can be determined by the expression:
(1) (2 ) as derived from the m aterial balance and electro neutrality relations for these systems. In this expression, Tm represents the total concentration of all the metal species, X = [H+]/ki + 1 and
where ki is the dissociation constant of the sec ondary ligand. respectively, probably indicates that hydrolysis of the 1:1:1 mixed ligand chelates starts before its formation is complete and the solutions remain more acidic than it would be in the absence of the hydroxo species. The equilibria involved in the formation of monohydroxo derivative of the 1:1:1 mixed ligand chelate may be represented a s :
and the overall reaction for the formation of mono hydroxo derivative may be written a s :
The overall formation constant, K m a l ( o h ) of the monohydroxo derivative may then be given b y :
Assuming th a t only mononuclear metal chelate species are formed in the above systems, the follow ing equations are obtained for maintaining the m aterial balance:
where T m , T a and T l represent the total concentra tions of all the metal, primary and secondary ligand species, respectively, and T o h is the concentration of the base added to the reaction mixture during titration. The elimination of MAL(OH) between (4)-(6) gives:
T m + T a + T l -T o h -[H+] [OH-] = [MA2+] + [MAL+] + [HL]
Since T m = T a = T l and T o h = ni T m , equation (7) can be written as:
Combining equations (4) and (6) and using the expression for the dissociation constant (ki) of the secondary ligand it can be shown th a t:
[MA2+]
(5)
where X = [H+] / ki -(-1.
Combination of equations (1), (8) and (9) (10) and the concentration of other species involved in the equilibrium relations can then be calculated from the above equations and also the value of formation constant, K m a l ( o h ) . The forma tion constants of monohydroxo derivative in case of N i(II)-Phen/B ipy-Phe could not be calculated due to the appearance of a solid phase a t an early stage after the addition of the hydroxyl group starts.
